Objective: Limited data are available with regard to longitudinal changes in body weight by food taste preference. Here, we examined the associations between taste preferences and weight change in adults for a large-scale cohort study in Japan. Design: Longitudinal analysis of data from a population-based cohort study, the Japan Public Health Center-based Prospective Study (JPHC Study). Subjects: A total of 29 103 middle-aged men and women, who participated in a JPHC Study and returned questionnaires on lifestyle and diet, including taste preferences, at both baseline and the 10th year of follow-up. Measurements: We assessed the relations of preferences for rich and heavy taste and a sweet taste to weight changes between the age of 20 years and baseline and those during the 10-year follow-up period. Results: Preferences for rich and heavy taste and for sweet taste were significantly positively associated with weight increases between the age of 20 years and baseline (P for trend o0.001); the fully adjusted odds ratios (95% confidence interval) comparing the 'like' versus 'dislike' groups with a preference for rich and heavy taste were 1.45 (1.31-1.24) for men and 1.28 (1.16-1.41) for women, whereas that for a sweet taste preference was 1.22 (1.09-1.36) for women. As regards weight change during the 10 years of follow-up, subjects who liked the sweet taste and those who neither liked nor disliked this taste experienced a significantly greater increase than those who disliked it in both men and women. There was no such difference for rich and heavy taste. Conclusion: These results suggest that food taste preferences may be an important predictor of weight changes in adults. Taste preferences need to be considered when counseling patients to achieve weight control.
Introduction
Obesity is known to be a risk factor for a wide range of diseases including cardiovascular disease and some cancers, and its prevention must be given high priority in modern society. 1 Energy imbalance is the most fundamental explanation for the current worldwide epidemic of obesity. Frequent intakes of energy dense foods, 2,3 saturated fat 4 and sweetened beverages 5, 6 have been linked to the increasing risk of obesity, whereas greater intakes of dietary fiber, 7 and fruits and vegetables 8 have been shown to be protective against obesity. Food selection may be determined by various factors, including knowledge, preference and environment. 9 Among these, taste preferences are formed in the early stage of life 10 and may have a marked influence on the choice of foods throughout an individual's lifetime. 11 As it is difficult to estimate energy intake over a long period of time, taste preferences may provide additional information on dietary habits that cannot easily be ascertained by a standard dietary assessment. 12 Compatible with the worldwide trend, the prevalence of obesity in Japan has also been increasing. 13, 14 Traditionally, the Japanese diet is characterized by an essentially simple taste, with a minimum amount of oil being used in cooking, although it contains a large amount of salt. 15 Owing to the westernization of lifestyles, fatty and sweetened foods have become much more readily available in Japan. In such a food environment, it may be that persons who have a preference for fatty foods or sweets have a greater risk of developing obesity or overweight than those who do not. However, there is little actual evidence linking weight change with taste preferences. 16 The objective of this study was to investigate weight increases during adulthood in association with two types of taste preference: one for a rich and heavy taste, and the other for a sweet taste. These associations were examined using data from a large-scale population-based cohort study in Japan.
Subjects and methods

The JPHC Study
The data used in this study were derived from the Japan Public Health Center-based Prospective Study (JPHC Study) Cohort I, a large-scale, population-based cohort study of residents in 15 administrative areas covered by a total of five public health centers in Ninohe (Iwate prefecture), Yokote (Akita prefecture), Saku (Nagano prefecture), Ishikawa (Okinawa prefecture) and Katsushika-kita (Tokyo metropolis). These PHC areas were selected to represent the extent of variation in the mortality rate of stomach cancer based on our previous ecological study. 17 Most of the centers are located in rural areas. The Japanese inhabitants were identified by the population registries maintained by the local municipalities. 18 The target age of the JPHC Study Cohort I was between 40 and 59 years at the baseline survey, which was carried out mainly in 1990. A self-administered questionnaire was distributed to study participants at the baseline, 5th-and 10th-year follow-up surveys. The design of the JPHC Study has been reported in detail elsewhere. 19 This study was approved by the human ethics review committees of the National Cancer Center.
Assessment of taste preference and lifestyles
Items included in the baseline questionnaire were sociodemographic factors, medical history, health-related lifestyle factors, as well as height and weight, and any increase in weight of more than 5 kg from age 20 years to baseline (yes or no). Diet was assessed by using a 44-item food frequency questionnaire, and energy intake (kcal), fat intake (g), and energy ratios of protein, fat and carbohydrate were estimated. The validation of this food frequency questionnaire was reported previously. 20 Taste preferences for foods were obtained by asking whether they liked the rich and heavy taste (kotteri in Japanese) and whether they liked the sweet taste. Kotteri is a word that all Japanese would know, indexing a taste as common as sweet or sour, and described as a rich and heavy taste in the Kojien, one of the most popular Japanese dictionaries. The questioning sentence used was as follows: 'Kotteri to shita ryori wa suki desu ka? (Do you like rich and heavy food?)' The possible responses to each taste preference were 'dislike', 'neither dislike nor like (hereafter 'neither')' and 'like.' At the 10-year survey, body height and weight were also self-reported. Body mass index (BMI) was calculated as weight in kilograms divided by square height in meters. Of JPHC Study participants at baseline, 5575 men and 9736 women attended health checkup and provided measured data on height and weight; 17 the Spearman's correlation coefficients between BMI based on self-reported data and that on measured data were 0.89 and 0.91 for men and women, respectively.
Study subjects
Overall, a total of 50 245 residents (82%) returned the baseline questionnaire. In total, 37 860 (75%) people responded to the follow-up study conducted 10 years after the baseline. For this analysis, we excluded the 1648 subjects in the TokyoKatsushika public health center because individuals surveyed in these areas were limited to those aged 40 or 50 years, or were selected from among participants in a health check-up program. Furthermore, we excluded 7109 subjects who had a self-reported BMI o14 or 440 kg m À2 or who had data missing from the baseline and/or 10-year follow-up survey. We also excluded the following subjects: those with any selfreported serious illness (cancer, cerebrovascular disease, myocardial infarction, chronic liver disease or angina pectoris) at baseline; those who did not answer baseline survey questions on taste preferences, smoking history, alcohol drinking, exercise habit, oil use and weight change from age 20 years to present and those whose energy intake was o900 or 44000 kcal for men and o800 or 43600 kcal for women. These exclusions left 29 103 subjects (13 443 men and 15 660 women) who were appropriate for the final analysis.
Among subjects who had valid data on BMI and taste preference at baseline, those who remained in the analysis were slightly younger than those excluded from the analysis; mean (s.d.) age of the former and latter groups, respectively, was 49.1 (5.9) and 51.2 (5.7) years in men and 49.4 (5.8) and 50.4 (5.8) years in women. There was little difference in BMI and taste preferences between the two groups.
Analyses
All analyses were done in a sex-specific manner. We compared baseline characteristics of study subjects according to taste preferences, and their trend associations were assessed by using a linear regression analysis for continuous variables or a logistic regression analysis for categorical variables, with values of 1-3 assigned to categories of taste preference. Logistic regression analysis was used to estimate the odds ratio of having a more than 5 kg weight increase between age of 20 years and the baseline for each taste preference, using the answer 'dislike' as the reference. Two
Taste preferences and body weight change Y Matsushita et al types of adjustments were made; first, age and study area (Okinawa or other); second, age, study area, smoking (never, former or current) and exercise (1o per week or 1X per week) at baseline. Study area was adjusted for because of a large difference in obesity levels between Okinawa and other areas. 13 The relationships between taste preferences and changes in body weight from baseline to the 10-year survey were examined by analysis of covariance. Two types of adjustments were made; first, age, study area (Okinawa or other) and body weight at baseline; second, age, study area, body weight, smoking (never, former or current) and exercise (1o per week or 1X per week) at baseline. Trend associations were assessed with ordinal numbers 1-3 assigned to categories of taste preference. All analyses were performed using SPSS (Version 15.0, SPSS Inc, Chicago, IL, USA).
Results Table 1 shows the baseline characteristics of the subjects. The mean BMI increased in the order of groups responding 'dislike,' 'neither' and 'like' to the questions about taste preferences, respectively, in both tastes. There were no differences in energy intake, protein energy ratio, fat energy ratio, carbohydrate energy ratio or exercise among the three groups for either taste. The proportion of persons with frequent consumption of oily foods increased in the order of 'dislike', 'neither' and 'like' for the rich and heavy taste among both men and women. Table 2 shows the odds ratio of having a more than 5 kg weight increase between age 20 years and the baseline survey for each taste preference in those answering 'dislike', as the reference group, according sex. There was a significant positive association between a preference for rich and heavy taste and the risk of weight increase for both men and women, and between preference for sweet taste and the risk only for women, with adjustment for age and study area (P for trend o0.001). The association did not fundamentally change after further adjustment for other potential confounding variables (P for trend o0.001). The fully adjusted odds ratios (95% confidence interval) comparing the 'like' versus 'dislike' groups with a preference for rich and heavy taste were 1.45 (1.31-1.61) for men and 1.28 (1.16-1.41) for women, whereas that for a sweet taste preference was 1.22 Taste preferences and body weight change Y Matsushita et al (1.09-1.36) for women. Among men, there was no difference in odds ratios according to the taste preference for sweets. These associations were fundamentally unchanged after further adjustment for energy intake and, for rich and heavy taste, fat energy ratio (data not shown). In addition, a stratified analysis revealed no measurable difference in results according to age group (data not shown). Body weight changes during the period from the baseline to the 10-year survey in relation to taste preferences are presented in Table 3 . There were significant differences in body weight change in association with the preference for sweet tastes; the age-, area-and body weight-adjusted means (s.e.) of body weight changes for the 'dislike', 'neither' and 'like' groups were À0.05 (0.08), 0.26 (0.05) and 0.34 (0.07) kg in men, and 0.08 (0.09), 0.23 (0.04) and 0.24 (0.05) kg in women, respectively. These relationships were materially unchanged in a fully adjusted model and after further adjustment for energy intake or fat energy ratio (data not shown). In a stratified analysis by age, the association with sweet taste preference was evident in the age of 40s, but it was less clear in the age of 50s (data not shown). In contrast, there were no significant differences in weight change in relation to the rich and heavy taste preference.
Discussion
Using data from a large-scale cohort study of Japanese subjects, we analyzed the relationships between taste preferences and changes in body weight during adulthood. There was a significant positive association between weight increase from age 20 years to middle age, and a preference for rich and heavy taste in both men and women, and for a sweet taste preference only in women. A significant difference in weight increase after 10 years from middle age was observed between the 'dislike' and the 'neither' or 'like' groups, for the sweet but not the rich and heavy taste preference.
Our search of the literature yielded no reports on the relation between rich and heavy taste and changes in body weight. Therefore, we discuss these findings regarding the rich and heavy taste preference by comparing our results with those for a preference of fat-rich food, because foods described as having a rich and heavy taste are often cooked with a large amount of oil, fat and seasoning. Several crosssectional studies have examined the relationship between a fatty taste preference and BMI or body weight; the preference for fat has been shown to be associated with levels of adiposity in primarily normal weight 16, 21 and in almost overweight or obesity, 12, 22 and also in dietary restraint 23 and/or disinhibition. 24 Consistent with these reports, we observed a clearly increasing BMI trend in relation to the rich and heavy taste preference at baseline. Only one longitudinal study to date has investigated the longitudinal relationship between fat preference and changes in BMI.
16 
o0.001
Abbreviations: CI, confidence interval; OR, odds ratio.
a Adjusted for age, study area (Okinawa or other), smoking (never, former or current) and exercise (o1 per week or X1
per week) at baseline.
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However, that study failed to detect 3-year changes in BMI and waist circumference among fat preference groups in either men or women, a finding compatible with our results for the 10-year follow-up period. Contrary to the null association with the rich and heavy taste preference during the follow-up period, this preference was significantly associated with an increased odds ratio of a large weight increase (more than 5 kg) from age 20 years to the baseline survey. This may be ascribed to age differences in fat intake. According to the National Nutrition Survey in Japan, 25 the fat energy ratio is nearly 30% in the 20s but it decreases with advancing age in both men and women.
Younger adults who like the rich and heavy taste are more likely to consume large amounts of fatty foods than their middle-aged or older counterparts. Therefore, the gap in the fat energy ratio among rich and heavy taste preference groups narrows with increasing age. Another study identified a positive correlation between the hedonic response to a sweet solution measured at baseline and after weight gain. 26 In our study, the preference for the sweet taste was associated with weight gain during the period from age 20 years to the baseline survey in women, but not in men, although the sweet preference was associated with weight gain during the period from the baseline to the 10-year survey in both men and women. According to the National Nutrition Survey in Japan, 25 men 30-69 years of age consume much smaller amounts of snacks than women of comparable ages. This may be one reason for the lack of an association between the sweet taste preference and weight gain from age 20 years until middle age in men. In our study, fat intake and the fat energy ratio did not differ greatly, according to rich and heavy taste preference at baseline, although the frequency of eating oily foods was higher among people who liked the rich and heavy taste than among those who did not. People who tend to underreport dietary intake are more likely to be obese. 27 In our study, people who liked the rich and heavy taste tended to have a greater weight than those who did not, and thus probably underreported their intake of fat when they answered the dietary questionnaire. Alternatively, a food frequency questionnaire cannot capture detailed intakes of foods, especially the intakes of fat, oil and sugar that are added during preparing or having a meal. In this respect, taste preferences may provide complementary information. Preference measures are less cognitively demanding; 12,28 the questions are relatively easy to answer, and might be less biased by cognitive control on reporting dietary intake (that is, dietary restraint). Food preference assessment appeals to people who respond to health screening, because it requires minimal concentration and cognitive processing. 12 Our study has several strengths. First, we examined the relationships between two taste preferences and weight change using a longitudinal design. Second, the number of the subjects of our study was large, with approximately 30 000 subjects being followed. Third, we controlled for lifestyle factors including diet, exercise and smoking that Table 3 Changes in body weight during the 10-year follow-up period Taste preferences and body weight change Y Matsushita et al may confound the taste preference-weight change association. Our study also has a few limitations. First, the taste preference was determined only at the time of the baseline survey. However, we believe that taste preferences would not change greatly during adulthood. Second, height and weight were not measured, instead being self-reported. However, the BMI based on self-reported data was previously shown to be highly correlated with the measured BMI. 17 Third, weight change from age 20 years to the baseline survey was based on recall at baseline.
In conclusion, this study of a Japanese population showed a preference for the rich and heavy taste to be associated with weight gain between the age of 20 years and middle age in both men and women, and that the preference for a sweet taste was a predictor of weight gain among adult women and middle-aged or older men. A population approach to weight control is advocated, according to the taste preference for rich and heavy taste in subjects in their 20s or younger for both sexes, and for the sweet taste after middle age for women.
